ABSTRACT A total of 1,280 1-d-old ducks were used in a study to investigate the effects of increasing aflatoxin B 1 (AFB 1 ) concentrations from naturally contaminated corn on young ducklings, and the effectiveness of a clay adsorbent (CA) to protect against those effects. Ducks were randomly allotted to 8 treatments (TRT) in a 4 × 2 factorial arrangement with 4 levels of AFB 1 (0, 25, 50, and 100 μg/kg) and 2 levels of CA (0 and 0.1%) with 8 pens per TRT and 20 ducks per pen. All ducks were allowed ad libitum access to feed and water during the 21-d experiment. The ADG, ADFI, feed conversion rate, mortality, bill color, and CV of BW of each replicate were measured at the end of the study. Blood and tissue samples from 8 ducks per TRT were obtained on d 21 of the experiment to determine the serum immunoglobulin and protein concentrations, relative organ weights, and intestinal morphology. Average daily gain and relative weights of the liver, spleen, thymus, and bursa of Fabricius decreased linearly (P < 0.05) as dietary AFB 1 increased. Serum proteins and intestinal villi heights and villus/crypt ratio followed the same pattern. Bill decolorization ratio, CV of BW, and mortality increased linearly (P < 0.05) as dietary AFB 1 increased. Adding 0.1% CA to the diet improved (P < 0.05) the relative weights of the small intestine, spleen, and thymus, and the villus height and villus/crypt ratio of the duodenum and jejunum, as well as the serum IgG and IgM concentrations. Adding CA also reduced (P < 0.05) bill decolorization ratio, CV of BW, mortality, and serum IgA concentration. Therefore, duck performance was negatively affected by increasing AFB 1 concentrations in diets. But the addition of 0.1% CA can protect against the detrimental effects caused by AFB 1 -contaminated corn in diets for ducks.
INTRODUCTION
Aflatoxins (AFL) are a family of extremely toxic, mutagenic, and carcinogenic compounds produced by Aspergillus flavus and Aspergillus parasiticus (Whitlow and Hagler, 2005) . They are primarily hepatotoxic, causing liver damage in animals; aflatoxin B 1 (AFB 1 ) is the most potent, although susceptibility varies by breed, species, age, length of exposure, and nutritional status (Richard, 2007) of the animal. Corn is the predominant energy source of animal feeds. Improper storage (Lillehoj et al., 1975) , stress conditions at the time of pollination, warm ambient temperatures and drought conditions during the growing season, and insect damage (Richard, 2007) can lead to AFL contamination of corn. Aflatoxin B 1 has been shown to lower nucleic acids (DNA, RNA), protein, chlorophylls, and carotenoids in corn, with the extent dependent on the concentration of the toxin (Prasad et al., 1996) .
Aflatoxins may cause decreased production (milk, eggs, weight gain, and so on), are immunosuppressive, carcinogenic, teratogenic, mutagenic, and result in other "slow" pathological conditions (Miller and Wilson, 1994) . Numerous studies have demonstrated the detrimental effects of AFL on animals. Low ADG and ADFI, high feed conversion rate (FCR), and liver damage were observed by Resanovic and Sinovec (2006) when broilers were given feed contaminated with AFB 1 . The immune system of developing pigs has been shown to be affected by exposure of sows to AFB 1 (800 μg/kg), AFG 1 (800 μg/kg), or both (400 μg/kg each) during gestation and lactation (Silvotti et al., 1997) . Aflatoxin at a dietary concentration of 1 mg/kg or more caused severe reductions in growth and immune response in broilers, whereas 2 mg/kg increased the relative weight of the liver and decreased the relative weight of the bursa of Fabricius (Verma et al., 2004) .
It has been shown that ducks (Whitlow and Hagler, 2005) , especially ducklings (Newberne and Butler, Toxicity of increasing aflatoxin B 1 concentrations from contaminated corn with or without clay adsorbent supplementation in ducklings X. L. Wan ,* Z. B. Yang ,* 1 W. R. Yang ,* S. Z. Jiang ,* G. G. Zhang ,* S. L. Johnston , † and F. Chi † 1969) , are very sensitive to AFL. Aflatoxins had detrimental effects, which increased with level, on phagocytotic ability and tumor necrosis factor-like substance secretion (Cheng et al., 2002a) and caused liver damage (Ostrowski-Meissner, 1983) in ducks. Contamination of duck feeds with AFL is, therefore, a major concern of duck producers. Studies of the effects of AFL on ducks have been mainly focused on in vitro (Cheng et al., 2002a,b) or long-term chronic (Leenadevi et al., 1995; Goswami et al., 1998; Barraud et al., 1999; Vigil Anbiah et al., 2004; Han et al., 2008 ) experiments on mature ducks using pure AFB 1 . Information on the effect of AFB 1 from naturally contaminated corn is generally limited, particularly with respect to ducklings from d 1 to 21. Extensive research has been conducted to counter mycotoxicosis by physical, chemical, nutritional, or biological approaches. The use of binding agents, which can adsorb the mycotoxin molecule and thereby preclude their absorption from the gut, has gained considerable attention in recent times. Certain clays, whose main components are hydrated sodium calcium aluminosilicates (HSCAS), have been used as mycotoxin adsorbents in experimental animals (Mayura et al., 1998) , and HSCAS have shown considerable promise in countering AFL (Bailey et al., 1998 (Bailey et al., , 2006 . Previous studies in our laboratory also demonstrated that clay adsorbents (CA) were effective in ameliorating the deleterious effect of zearalenone on piglets (Jiang et al., 2010a (Jiang et al., ,b, 2012a and mycotoxin-contaminated corn on ducks (Li et al., 2012) .
Thus, the purpose of the present study was to determine the toxicity of increasing concentrations of AFB 1 from naturally contaminated corn in ducklings from d 1 to d 21, and the efficacy of CA to counteract the toxic effects.
MATERIALS AND METHODS

AFB 1 -Contaminated Corn and CA
Aflatoxin B 1 -contaminated corn was obtained from a private feed mill. Upon analysis, the AFB 1 -contaminated corn contained the following mycotoxins: 170 μg/kg of AFB 1 , 0.35 mg/kg of zearalenone (ZEA), 0.99 mg/ kg of deoxynivalenol (DON), and 3.52 mg/kg of fumonisin (FUM). The uncontaminated corn contained 0.1 mg/kg of ZEA, 0.39 mg/kg of DON, and 1.18 mg/ kg of FUM, and AFB 1 was under the detection limit.
Clay adsorbent (Calibrin-A), a processed commercial calcium montmorillonite, was obtained from Amlan International, a division of Oil-Dri Corporation of America.
Experimental Design, Birds, and Management
One thousand two hundred eighty 1-d-old, healthy, Cherry Valley Ducks (mixed sex) were obtained from Rongda Agricultural Development Co. Ltd., Shandong, China. Ducks were weighed and randomly allotted to 8 dietary treatments with 8 replicates of 20 birds each in a 4 × 2 factorial arrangement. The experimental diets (Table 1) were formulated based on the NRC (1994) recommendations for 1-to 3-wk duck starter diets and breed standards. Contaminated diets were made by replacing uncontaminated corn with contaminated corn. The diet of treatment 1 was formulated with uncontaminated corn that have an undetectable amount of AFB 1 (0% M); the diets of treatments 2 to 4 were formulated by replacing uncontaminated corn with AFB 1 -contaminated corn at 25, 50, and 100%, respectively (25% M, 50% M, and 100% M); and the diets of treatments 5 to 8 were made by supplementing treatments 1 to 4 with 0.1% CA (0% MCA, 25% MCA, 50% MCA, and 100% MCA). All diets were prepared in 1 batch per treatment group and then stored in covered containers before feeding.
Ducks were housed on a commercial farm. The temperature was maintained at 34°C from d 1 to d 7, which was then gradually reduced to 22°C at the rate of 6°C per week and was maintained at this temperature to the end of the experiment. Overhead light was provided continuously for the entire period of the experiment. 1 The diet of treatment 1 was formulated without contaminated corn (0% M); the diets of treatments 2 to 4 were formulated by replacing uncontaminated corn with mycotoxin-contaminated corn at 25, 50, and 100%, respectively (25% M, 50% M, and 100% M); and the diets of treatments 5 to 8 were formulated by supplementing 0.1% clay adsorbent to the diets of treatments 1 to 4, respectively (0% MCA, 25% MCA, 50% MCA, 100% MCA).
2 Supplied per kilogram of diet: vitamin A, 9,500 IU; cholecalciferol, 3,600 IU; vitamin E, 40 IU; vitamin K 3 , 5.5 mg; thiamine, 3.0 mg; riboflavin, 12.6 mg; pantothenic acid, 16.5 mg; pyridoxine, 4.1 mg; cobalamin, 0.025 mg; niacin, 75 mg; choline chloride, 1,000 mg; biotin, 0.25 mg; folic acid, 2.1 mg; Mn, 90 mg; Fe, 68 mg; Zn, 86 mg; Cu, 8.6 mg; I, 0.29 mg; and Se, 0.25 mg. 3 The chemical composition of the diets was determined according to AOAC International (1995) methods except ME, which was a calculated value.
Birds had ad libitum access to feed and water throughout the 21-d experiment.
At the end of the feeding experiment, BW and feed intake of ducklings in each pen were measured for determination of ADG, ADFI, FCR, and growth uniformity, which was expressed as CV of BW. Mortalities and health status were observed and recorded daily throughout the entire experimental period.
The animal care and use protocol was approved by the Shandong Agricultural University Animal Nutrition Research Institute.
Analysis of Mycotoxins
Deoxynivalenol was analyzed using HPLC, ELISA, and fluorometer techniques were used to measure ZEA, FUM, and AFB 1 levels (Li et al., 2012) . The detection limit for these mycotoxins was 1 μg/kg for AFB 1 , 0.1 mg/kg for ZEA, 0.1 mg/kg for DON, and 0.25 mg/ kg for FUM. A composite sample of each experimental diet was assayed for mycotoxins before and at the end of the feeding period. The actual analyzed values of AFB 1 are 7. 80, 29.74, 52.16, 98.73, 8.39, 31.18, 57.37, and 103 .61 μg/kg in the 8 treatments dietary, respectively. Other mycotoxins in any treatment assayed are 0.19 ± 0.02 mg/kg of ZEA, 2.25 ± 0.39 mg/kg of FUM, and 0.84 ± 0.23 mg/kg of DON in the study.
Sampling and Preparation
At the end of the experiment birds were fasted for 12 h and 8 birds (1 per replicate) were randomly selected from each treatment. The BW of each bird was measured, and a 5-mL blood sample was collected from a jugular vein in a test tube without anticoagulant. Blood samples were incubated at 37°C for 2 h, centrifuged at 1,500 × g for 10 min, and serum was separated and stored in 1.5-mL centrifuge tubes at −20°C until analysis. After bleeding, birds were killed by cervical dislocation for organ weight calculation, including heart, liver, lung, spleen, kidney, small intestine, and immune organs (spleen, thymus, and bursa of Fabricius), and their relative weights were calculated as (organ weight/ live weight) × 100.
Serum Immunoglobulins
Total concentrations of the different immunoglobulin subsets (IgG, IgA, and IgM) were measured using ELISA kits (Shanghai Yueyan Biological Technology Co. Ltd., Shanghai, China).
Serum Protein
The levels of serum total protein (TP) and albumin (ALB) were determined using an automatic biochemical analyzer (Roche, Cobus-Mira-Plus, Roche Diagnostic System Inc., Indianapolis, IN). Serum globulin (GLB) concentration was calculated as the difference between TP and ALB.
Intestinal Morphology
Eight birds (1 per replicate) were randomly selected from each treatment on d 21, euthanized, and the morphology of the small intestine was examined. In each bird, segments were removed from the duodenum, jejunum, and ileum as follows: 1) intestine from the gizzard to pancreatic and bile ducts was referred to as the duodenum, the middle section of which was taken for microscopy; 2) midway between the point of entry of the bile ducts and Meckel's diverticulum (jejunum); and 3) 10 cm proximal to the ileocecal junction (ileum). The samples were flushed with physiological saline and fixed in 10% formalin, processed by the standard paraffin sectioning, stained by hematoxylin-eosin, and examined under a light microscope. Measurements of villus height and crypt depth were taken only from sections where the plane of section ran vertically from the top of villus to the base of an adjacent crypt. Values were means from 10 samples of villi well oriented from the tip to the crypt mouth and 10 associated crypts from the crypt mouth to the base. The villus-crypt ratio (V/C) was determined as the length of the villi divided by the depth of the mucosal crypt region in each preparate (Xu et al., 2003) .
Data Calculation and Statistical Analyses
All data were subjected to ANOVA using the GLM procedure of SAS 9.1 (SAS Institute 2003). The data were analyzed as a completely randomized design with pen as the experimental unit to examine both main and treatments effects. Orthogonal polynomial contrasts were also used to determine linear and quadratic responses to the increasing dietary contaminated corn levels. Differences among treatments were tested using Duncan's multiple range tests. In all analyses, significant difference was declared at P < 0.05.
RESULTS
Growth Performance, Bill Color, and Organ Development
All ducklings in the study had similar ADFI and FCR (Table 2) . However, ducklings fed 100% M diet had lower (P < 0.05) ADG compared with 0% MCA diet and higher (P < 0.05) mortality compared with the 0% M diet. Addition of contaminated corn at increasing levels had linear (P < 0.05) or quadratic (P < 0.05) or both effects on reducing ADG and increasing mortality. However, supplementation of 0.1% CA decreased (P < 0.05) mortality irrespective of contaminated corn concentration. Means within a row not followed by a common superscript are different (P < 0.05). (n = 8). Bill decolorization ratio (%), the 21-d duck bill decolorization ratio was calculated as (number of discolored duck bills/number of ducks) × 100.
Visual examination revealed that bill color of ducks receiving contaminated corn was discolored in contrast to the yellow color of the ducks receiving uncontaminated corn. The number of discolored duck bills per replicate was recorded, and decolorization ratio (%) was calculated as (number of discolored duck bill/number of duck) × 100. At the end of the experiment, ducklings fed diets containing 25% or greater contaminated corn with or without CA supplementation had increased (P < 0.05) duck bill decolorization ratio compared with 0% M diet. Addition of contaminated corn at increasing levels had linear (P < 0.01) and quadratic (P < 0.01) effects on increasing duck bill decolorization ratio, but 0.1% CA supplementation countered (P < 0.01) the effects, irrespective of contaminated corn level.
There was more variation in BW of ducks fed the 50% M and 100% M diets than the other treatments as shown by a higher CV of BW (P < 0.05). Addition of contaminated corn at increasing levels had linear (P < 0.01) and quadratic (P < 0.01) effects on CV of BW, but 0.1% CA supplementation countered (P < 0.01) the effects regardless of level of contaminated corn.
The relative weights of the heart, lung, kidney, and small intestine were not statistically affected by contaminated corn concentration in the diet or CA supplementation (Table 2) . Ducklings had lower (P < 0.05) relative weights of the liver, spleen, and bursa of Fabricius when fed the 100% M diet, and a lower (P < 0.05) relative weight of the thymus in 50% M, 100% M, and 100% MCA diets compared with ducklings fed the 0% M diet. Relative weights of the liver, spleen, thymus, and bursa of Fabricius decreased linearly (P < 0.05), or quadratically (P < 0.05), or both as the contaminated corn concentration in the diet increased from 0 to 100% (Table 3) . However, regardless of the concentration of contaminated corn, ducklings fed diets supplemented with 0.1% CA had higher (P < 0.05) relative weights of the small intestine, spleen, and thymus.
Serum Immunoglobulin and Protein Concentration
Ducklings fed diets containing 25% or more contaminated corn with 0.1% CA supplementation had increased (P < 0.05) serum IgG and IgM concentrations and decreased (P < 0.05) IgA concentration compared with the 0% M treatment (Table 3) . However, serum IgA concentration in ducklings fed the 25% M diet was increased (P < 0.05) compared with concentrations in those fed the 0% M diet. Serum TP concentrations in ducklings fed 50% M, 100% M, and 100% MCA diets, serum IgM and ALB concentration from those fed 50% M and 100% M, and serum GLB concentration from those fed 100% M and 100% MCA were lower (P < 0.05) than of those of ducklings fed the 0% M diets.
Serum TP, ALB, and GLB concentration decreased linearly (P < 0.05), or quadratically (P < 0.01), or both in a contaminated corn-dose-dependent manner. Means within a row not followed by a common superscript are different (P < 0.05). (n = 8).
1
One duckling from each pen (8 per treatment) was randomly selected for blood collection and analysis.
2 Percent of mycotoxin-contaminated corn used (M) or percentage of mycotoxin-contaminated corn with a CA (0.1% of the diet) used (MCA).
3
Contrast of all the treatments without 0.1% CA versus all treatments with 0.1% CA.
Regardless of contaminated corn concentration, supplementation of 0.1% CA increased (P < 0.01) IgG and IgM concentration and decreased (P < 0.01) IgA concentration.
Intestinal Morphology
Villus height of the jejunum in ducklings fed the 25% M or 100% M diets, and of the ileum in those fed the 25% M, 100% M, or 100% MCA diets were lower (P < 0.05) than ducklings fed the 0% M diet (Table 4) . Ducklings had lower V/C in the duodenum and ileum when fed the 25% M or higher or 100% MCA diets, and lower V/C in the jejunum when birds were fed a diet of 25% M or higher compared with those fed the 0% M diet.
Villus height and V/C of the duodenum, jejunum, and ileum decreased linearly (P < 0.05) and quadratically (P < 0.05) as dietary contaminated corn concentration increased. Addition of 0.1% CA to diets increased (P < 0.01) villus height and V/C of the duodenum and jejunum irrespective of contaminated corn concentration.
DISCUSSION
Dietary Mycotoxin Concentrations
The AFB 1 content of the contaminated diets increased as the inclusion of contaminated corn increased, resulting in higher than the US Food and Drug Administration (FDA, 2012) action level of 20 μg/kg of total AFL in feed. Aflatoxin B 1 was unexpectedly detected in the 0% M diet (7.80 μg/kg) and 0% MCA diet (8.39 μg/kg) in the present study despite ingredients being carefully selected and assayed for mycotoxins before feed processing, which suggests that feedstuffs were extensively contaminated by mycotoxins although in low concentrations. No physical and pathological effects were detected on Mallard ducklings fed a diet containing 12 μg/kg of AFL (Hurley et al., 1999) . Other mycotoxins in any treatment in the study were all within the guidance and advisory levels of FDA (FUM <50 mg/ kg, DON <2 mg/kg) and the allowed level of the GB 13078.2-2006 (AQSIQ-SAC, 2006; ZEA <0.5 mg/kg). Relatively high doses of FUM are required to induce measurable effects in poultry (Whitlow and Hagler, 2005) . A previous study conducted in our laboratory showed that nutrient digestibility in female broilers was not affected by diets containing FUM (3.15 or 5.50 mg/kg) from naturally contaminated corn (Zou et al., 2012) . Ducks appeared resistant to FUM (the most abundantly produced metabolite is FUMB 1 ) toxicity with 5 mg/kg per day of FUMB 1 for 12 d (Bailly et al., 2001) . Poultry can endure 20 mg/kg of DON without toxic effects (James, 2007) . The ZEA appears to have no effect on poultry health and performance (Allen et al., 1981) . Therefore, the predominant mycotoxin in the present study is AFB 1 , and it is likely that the differ- Means within a row not followed by a common superscript are different (P < 0.05). n = 8.
1
Villus height and villus-crypt ratio are the means of data collected from 1 duckling from each pen (8 per treatment).
2
Percentage of mycotoxin-contaminated corn used (M) or percentage of mycotoxin-contaminated corn with a CA (0.1% of the diet) used (MCA).
3
ences observed in the experiment were mainly due to AFB 1 effects.
Toxicity of AFB 1 -Contaminated Corn
The similar ADFI among all treatments of ducklings in the study indicated that consumption of diets naturally contaminated with AFB 1 , even at the highest level, exerts no detrimental effects on feed intake. This, combined with the observation that ducklings did not sort the diet according to the AFB 1 -contaminated corn supplementation, suggests that ducklings within a treatment group likely consumed a similar amount of AFB 1 and that differences obtained among treatments were likely ascribed to the different concentrations of AFB 1 in the diets. However, the decreased ADG and uniformity and increased mortality observed in ducks on the contaminated dietary treatments indicated that the negative effect of the AFB 1 -contaminated diets on growth performance of ducklings from d 1 to 21 was dose-dependent. Contaminated diets numerically reduced the efficiency of feed utilization, but the reductions were not statistically significant. Diets containing 50 μg/kg of AFB l equivalent or more, significantly, progressively reduced BW gain in ducks compared with chickens, with greater difference in performance between the 2 species the higher the AFB l content was above 50 μg/kg (Ostrowski-Meissner, 1983 ). Diets containing 20 μg/kg or 40 μg/kg AFB 1 -contaminated rice decreased BW gain (12.7 and 24.2%, respectively) and feed intake, and increased feed to gain ratio (12.2 and 18.0%, respectively) of Cherry Valley ducks (Han et al., 2008) . Shi et al. (2006) observed that 0.1 mg of AFL/ kg significantly decreased BW gain and feed efficiency of broiler chicks from 0 to 42 d of age, with 2.5% mortality being reported in the AFL-treated group. Diets containing 1 mg/kg of AFL reduced feed intake, weight gain, and final live weight of prepubertal gilts (Andretta et al., 2010) . However, no mortality was recorded in 100 μg/kg of AFL treated hens (Matur et al., 2010) . The above results indicated that the detrimental effect of AFB 1 -contaminated diets on growth performance of animals was a species-and dose-dependent response.
There is no information on the relationship between pigment accumulation in ducks and AFB 1 -contaminated corn. Pigments of corn include carotenoid (0.1 to 9.0 mg of corn/kg) and anthocyanin, which are usually distributed in the endosperm. Carotenoid is a natural antioxidant and colorant (Quackenbush et al., 1970) . Aflatoxin B 1 has been found to lower the levels of carotenoids in the emerging leaves during seedling growth, with the inhibitory effect correlated with the concentration of applied toxin (Ahmad and Sinha, 2002) , and the same results were also observed in corn seeds (Prasad et al., 1996) . Research has demonstrated that the amount of carotenoids present in the yolk of the egg depends upon the quantity of these compounds present in the diet (Couch and Farr, 1971) . It is likely that the diminishing duck bill pigmentation along with the increasing concentration of contaminated corn in the present study resulted from AFB 1 -induced pigment damage.
Previous studies observed enlarged, dark-yellow-colored liver, tender in consistency, in AFB 1 -treated broilers (Resanovic and Sinovec, 2006) , and hepatic tumors and chronic hepatitis on ducks treated by pure AFB 1 at a dose rate of 0.04165 mg/kg of BW every third day for 6 mo (Leenadevi et al., 1995) . Mice orally administrated AFB 1 at 0.75 mg/kg of BW every 3 d for 45 d had a lower liver weight than the control group, but this was not statistically significant (Choi et al., 2010) . The relative weights of liver and heart of prepubertal gilts were not altered by 1 mg/kg of AFL (Andretta et al., 2010) . But, in finishing pigs, 385 μg/kg of AFL increased liver weights and liver lesions occurred with 480 μg/kg of dietary AFL (Southern and Clawson, 1979) . Raju and Devegowda (2000) found that weights of the kidney and adrenals of chickens fed AFL-contaminated diets from 1-d-old until 35 d of age were increased by AFL (0.3 mg/kg) and ochratoxin (2 mg/kg), and liver weight was increased by AFL (0.3 mg/kg). However, exposing hens to a diet containing an AFL concentration 100 μg/kg did not affect the relative weight of the liver, pancreas, or the kidney (Matur et al., 2010) . Ducks fed with AFB 1 at 15 μg/kg of BW from d 30 to 120 exhibited atrophy and dysplasia of the liver (Vigil Anbiah et al., 2004) . In the present study, relative weights of the liver decreased in birds fed the AFB 1 -contaminated diets. Therefore, we suggest that the reduced liver weight was due to the effects of the chronic toxicity of AFB 1 on the growth and development of ducklings. Although low, the other mycotoxins that existed in the experimental diets may have also caused negative interactions with AFB 1 on liver development. The detrimental effects of AFB 1 on organs have shown substantial differences based on species, physiological stage, dose and length of exposure, and differences between AFB 1 -contaminated corn and purified AFB 1 .
A healthy immune system is important for ducks, especially in an industry setting where ducks are often challenged by many different pathogens. It is known that the immune system is very sensitive to AFL (Pier, 1992; Oswald and Comera, 1998) . Marin et al. (2002) reported that 140 μg/kg of AFL depressed growth and altered many aspects of humoral and cellular immunity in pigs. Application of AFB 1 to mice demonstrated a decrease of leukocytes and neutrophils (Levkutová et al., 2003) . Significant changes in serum proteins and immune response in Oreochromis mossambicus (tilapia) fed diets containing 1.5, 5.0, and 15.0 mg/kg AFB 1 were also observed by Zacharia et al. (2003) . Campbell et al. (1983) found that the relative weight of the bursa of Fabricius and its follicle count were reduced by AFL. Relative weight of the bursa of Fabricius and thymus were significantly reduced, depending on the dose of AFL (Thaxton et al., 1974) . The production of immu-noglobulins is depressed by AFL (Giambrone et al., 1978) and peak titer concentration was delayed in an AFL-dose-related fashion in chickens (Thaxton et al., 1974) . Thus, the observations in the present study that the relative weights of the spleen, thymus, and bursa of Fabricius and concentrations of IgG and IgM declined as the concentration of AFB 1 -contaminated corn increased were consistent with previous reports. Contrary to the effects on IgG and IgM, the IgA concentration in AFB 1 -treated ducklings was significantly increased following AFB 1 supplementation. This may be due to the detrimental effect of AFB 1 on the immune system. Aflatoxin has been shown to cause inhibition of protein synthesis (Tung et al., 1975) . Consistent with the reduced serum protein contents observed with AFB 1 -contaminated diets in this study, earlier trials also recorded reductions in protein content of serum when AFL was fed to broilers (Shi et al., 2006) .
Changes in intestinal morphology such as shorter villi and deeper crypts have been associated with the presence of toxins in chickens and turkeys (Yason et al., 1987; Pagan et al., 1999) . Published data on the effects of AFB 1 -contaminated corn and clay on gut morphology are scanty. The height of intestinal villi and depth of crypts reflects the surface area for nutrient absorption (Xu et al., 2003) . An increase in V/C is known to associate with better nutrient absorption and growth performance (Wu et al., 2004) . In the present study, the decrease in duodenal, jejunal, and ileal villi height and V/C and increase in duodenal, jejunal, and ileal crypts depth were found in ducklings consuming the contaminated diets in an AFB 1 -contaminated corn dose-dependent manner. It is likely that these changes are due to the toxicity and damage of AFB 1 -contaminated corn on the intestinal mucosa.
Effects of CA
Clay has been used as mycotoxin adsorbent in animals. Dietary supplementation of modified calcium montmorillonite clay at concentrations between 1 and 4 g/kg can totally or partially ameliorate the deleterious effect of 1.05 mg/kg of ZEA on postweaning piglets (Jiang et al., 2012a) . Dietary addition of 0.1% CA was effective in counteracting the toxic effects of mycotoxincontaminated corn on hematology, serum biochemistry, and oxidative stress in ducklings (Li et al., 2012) . The addition of 3 g of modified montmorillonite nanocomposite/kg to an AFL-contaminated diet diminished the adverse effects of AFL on most relative organ weights, hematological values, serum and liver biochemical values, and enzymatic activities associated with aflatoxicosis in broiler chicks (Shi et al., 2006) , and HSCAS were safe and efficient in the prevention of the toxic effects of ZEA in the gastrointestinal tract in mice (Abbès et al., 2007) . The similar results seen between 0% M and 0% MCA treatments in the current study indicated that CA at the level of 0.1% supplementation was not deleterious to ducklings from d 1 to 21 and addition of CA at this level to the diet containing 98.73 μg/kg of AFB 1 or less effectively protected ducklings from AFB 1 -induced damages. The main mechanism could be the formation of an inert and stable complex between AFL and HSCAS, capable of preventing AFL absorption from the intestine (Huwig et al., 2001) . The results showed that ducklings fed 0.1% CA received significant protection against the effects of the AFB 1 for most parameters measured. This level of protection did not totally protect the birds from the effects of feeding the highest concentrations of AFB 1 in this experimental condition, as their performance was not as good as that of the 0% M treatment. The protection effect of CA was decreased as the concentration of AFB 1 -contaminated corn increased except on the concentration of immunoglobulins.
In conclusion, the current study demonstrated that feeding ducklings AFB 1 -contaminated diets from 1 to 21 d of age induced deleterious effects on growth performance, duck bill pigmentation, organ development, intestinal morphology, immune performance, and serum proteins in a dose-dependent manner. Clay adsorbent supplementation at the level of 0.1% of the diet alleviated the toxic effects that feeding AFB 1 -contaminated corn induced in ducklings.
